OBJECTIVE: To evaluate the relationships between the supine sagittal abdominal diameter (SAD) and visceral fat, as well as to evaluate intra-and inter-observer reliability of sagittal diameter measurement. PATIENTS: Twenty-eight women ranging in age from 27±78 y with a body mass index (BMI) ranging from 16.9±48.1 kg/m 2 and 23 men ranging in age from 32±75 y with BMI ranging from 20±41.6 kg/m 2 . MEASUREMENT: Body fat distribution was measured by waist circumference, waist to hip ratio (WHR), SAD, anthropometrically assessed and a single slice of computed tomography (CT) at the L4-L5 level. RESULTS: In both genders, a signi®cant association was found between visceral adipose tissue (AT) and SAD, as evaluated by CT (women r 0.80; men r 0.83, P`0.001), and SAD by anthropometry (women r 0.76; men r 0.82, P`0.001), as well as between visceral AT and waist circumference (women r 0.76, men r 0.86, P`0.001) and WHR (women r 0.57, P`0.01, men r 0.80, P`0.001). A signi®cant association was also found between subcutaneous AT and SAD by anthropometry (women r 0.79, men r 0.74, P`0.001). After adjusting for BMI, the association between subcutaneous AT and SAD was no longer signi®cant in men and only moderately signi®cant in women (r 0.42, P`0.05), while the association between visceral AT and SAD by anthropometry remained signi®cant in both genders (women r 0.63, P`0.001; men r 0.66, P`0.001). When the subjects were divided into two groups according to BMI (lean to moderately overweight women with BMI`28 and men with BMI`30 and obese women with BMI b 28 and men with BMI b 30) we found that the relationships between SAD by anthropometry, as well as SAD by CT and visceral AT, were higher in lean to moderately overweight subjects than in those who were obese. High inter-observer correlation was found concerning SAD measurement (r 0.99, P`0.001). Intra-and interobserver precision as evaluated by coef®cient of variation and intraclass correlation coef®cient for SAD measurement was very high. CONCLUSION: Our study shows the usefulness of SAD by anthropometry to predict visceral fat and its very high inter-and intra-observer precision.
Introduction
There is growing evidence that regional body fat distribution, rather than body fat quantity, is a risk factor for cardiovascular disease morbidity and mortality. 1, 2 For this reason the evaluation of regional body fat distribution seems to be clinically relevant. Computerised topography (CT) and magnetic resonance imaging (MRI) are the gold standard methods to evaluate body fat distribution and are the only methods that clearly differentiate between visceral and subcutaneous adipose tissue (AT). 3 Imaging techniques such as MRI and CT are costly, not easily accessible and thus not useful for epidemiological studies. 3 To overcome these limitations, some investigators have experimented with new methods such as ultrasound, to evaluate regional body fat distribution, 4 or attempted to determine which anthropometric measurement is the best correlate of visceral AT accumulation. 3 Waist girth, waist-to-hip ratio (WHR) and supine sagittal abdominal diameter (SAD) are commonly used to predict visceral AT accumulation.
3±12
It has been shown that waist girth and SAD show closer association with visceral abdominal AT accumulation than WHR. 5, 6 A few studies evaluated the relationship between visceral AT and SAD anthropometrically determined, 7±9 while the majority used SAD derived by CT scan.
4±6,9±12
Clinical and epidemiological studies need a lowcost, non-invasive method for the assessment of cardiovascular risk. Before using SAD anthropometrically assessed for clinical and epidemiological studies, more data are needed about this inter-and intra-observer precision.
The aims of our study were to evaluate the association between SAD anthropometrically assessed and visceral AT as evaluated by CT, as well as to evaluate intra-and inter-observer reliability.
Methods
The study was conducted on 28 women ranging in age from 27±78 y with a body mass index (BMI) ranging from 16.9± 48.1 kg/m 2 and 23 men ranging in age from 32±75 y with BMI ranging from 20 ± 41.6 kg/m 2 . All the subjects were volunteers and gave their consent to the study, whose protocol was approved by our Ethical Committee.
The following anthropometric variables were evaluated in all subjects: weight, height, BMI, waist and hip circumferences and SAD.
Body weight was measured to the nearest 0.2 kg (Salus scale, Milan, Italy) and height to the nearest 0.5 cm using a stadiometer (Salus). BMI, an index of body fatness, was calculated as body weight adjusted for stature (kg/m 2 ). Circumferences were measured to the nearest 0.5 cm using a 1 cm wide metal measuring tape. The waist circumference was measured with subjects standing at the minimum abdominal circumferences, between the xyphoid process and the umbilicus. The hip circumference was measured at the outermost points on the greater trochanters. WHR is the ratio of these two circumferences.
SAD was measured with a portable, sliding-beam, abdominal caliper, while the subjects were in a supine position (Robbia., Verona, Italy); this instrument was hand-made under our supervision by an artisan. The SAD was measured at the largest supine anteroposterior diameter between xyphoid process and umbilicus. The subjects were asked to inhale and exhale gently, and the arm of the caliper was brought down to touch the abdominal wall without compression. All subjects were examined on a standard¯at hospital bed. The measurements of SAD were taken in two positions with hips fully extended or¯exed. In 14 subjects duplicate measurements were taken.
In 18 of the subjects (six men ranging in age from 36 ±74 y and ranging in BMI from 20 ±38 and 12 women ranging in age from 32±78 y and ranging in BMI from 16.9 ± 43.7) the SAD was measured by two different operators, using both the hip positions in order to evaluate reproducibility. Each operator was unaware of the results obtained by the other and the two measurements were taken on the same day.
CT measurements
Body fat distribution was determined by CT (Siemens Instrument, Erlangen, Germany) according to Sjo Ès-tro Èm. 13 Total abdominal AT, visceral abdominal AT, subcutaneous abdominal AT and visceral to subcutaneous abdominal AT ratio were evaluated by a single scan at L4-L5 level. A lateral topogram (scout view) was performed to identify the standard level with precision. The usual radiographic parameters for abdominal investigations were used: 125 kV, 350 mA; scanning time, 4 s; slice thickness, 8 mm.
Regions of interest were outlined using a light pen cursor (joystick). The preselected attenuation interval chosen for fat was 7150 to 750 Houns®eld units. 14, 15 This range was chosen after performing quality checks on our CT machine with a water phantom. Daily controls must refer to these quality checks, usually performed by a Siemens technician for comparison. The reproducibility of the method (coef®cient of variation) was 1.1%.
Statistical methods
Results are presented as the mean AE standard deviation (s.d.).
To test the associations between different variables, simple and partial correlation analyses were performed; slopes and intercepts of the regression lines were compared. Differences between the two observers were evaluated by paired t test. To test intra-and inter-observer precision, the coef®cient of variation (CV) and intraclass correlation coef®cient (ICC) were computed. CV was computed by dividing the square root of the within-subject variance by the overall mean value of the measurement. ICC was the ratio of between-subject variance to the sum of the between and within-subject variance. 16 A two-tailed signi®-cance level of 0.05 was used throughout.
Results
Characteristics of the study sample are shown in Table 1 .
In Table 2 , the correlation matrix for SAD (as evaluated by both CT and caliper) in relation to the other anthropometric variables in women are reported. A signi®cant association was found between visceral AT and SAD as evaluated by CT (r 0.80, P`0.001), SAD by anthropometry assessed with hips extended (r 0.76, P`0.001) and with hips exed (r 0.76, P`0.001). A signi®cant association was also found between visceral AT and waist circumference (r 0.76, P`0.001) and WHR (r 0.57, P`0.01). A signi®cant association was also found between subcutaneous AT and SAD by anthropometry assessed with hips extended (r 0.79, P`0.001) and with hips¯exed (r 0.78, P`0.001). A signi®cant association was found between SAD as evaluated by CT and SAD by anthropometry assessed with hips extended (r 0.96, P`0.001) and with hips¯exed (r 0.96, P`0.001).
In Table 3 , the correlation matrix for SAD (as evaluated by both CT and caliper) in relation to the other anthropometric variables in men are reported. A signi®cant association was found between visceral AT and SAD as evaluated by CT (r 0.83, P`0.001), SAD by anthropometry assessed with hips extended (r 0.82, P`0.001) and with hips exed (r 0.82, P`0.001). A signi®cant accociation was also found between visceral AT and waist circumference (r 0.86, P`0.001) and WHR (r 0.80, P`0.001). A signi®cant association was also found between subcutaneous AT and SAD by anthropometry assessed with hips extended (r 0.74, P`0.001) and with hips¯exed (r 0.76, P`0.001). A signi®cant association was found between SAD as evaluated by CT and SAD by anthropometry assessed with hips extended (r 0.97, P`0.001) and with hips¯exed (r 0.97, P`0.001).
The relationships between visceral AT and SAD by anthropometry assessed with hips extended and¯exed in men and women are shown in Figure 1 . Analysis of slopes and intercepts did not reveal any signi®cant differences between women and men. As a consequence only one regression line was drawn.
After adjusting for BMI in both genders, the association between subcutaneous AT and sagittal diameter was signi®cant in women (r 0.42, P`0.05) but not in men (r 0.03, not statistically signi®cant (NS)), while the association between visceral AT and SAD anthropometrically assessed with hips extended and¯exed, was still signi®cant in both genders (women r 0.63 and r 0.63 respectively, P`0.001; men r 0.66 and r 0.70 respectively, P`0.001) (data not shown in table). After adjusting for BMI, in both genders, the associations between visceral AT and waist and WHR were still signi®cant (women r 0.61 and r 0.58 respectively, P`0.01; men r 0.81 and r 0.68 respectively, P`0.001) (data not shown in table).
We performed correlation analyses for SAD (as evaluated by both CT and caliper), as well as for waist and for WHR, with visceral AT and subcutaneous AT after subdividing our sample into two groups on the basis of BMI: lean to moderately overweight (women with BMI`28 and men with BMI`30), and obese (women with BMI b 28 and men with BMI`30) ( Table 4) ; women and men were pooled together in BMI body mass index; WHR waist to hip ratio; SAD sagittal diameter; CT computed tomography; SAD-E sagittal diameter hips extended; SAD-F sagittal diameter hips¯exed; AT adipose tissue. * P`0.05; ** P`0.01; *** P`0.001. BMI body mass index; WHR waist to hip ratio; SAD sagittal diameter; CT computed tomography; SAD-E sagittal diameter hips extended; SAD-F sagittal diameter hips¯exed; AT adipose tissue. * P`0.05; ** P`0.01; *** P`0.001
Sagittal diameter and visceral fat M Zamboni et al this analysis because the regression lines were similar in the two genders. We found that the relationships between SAD by anthropometry, as well as SAD by CT, and visceral AT were higher in lean to moderately overweight subjects than in the obese. Figure 2 shows the relation between SAD measured by two observers in 18 subjects. High inter-observer correlation was found, using both positions to anthropometrically determine SAD (with hips extended: r 0.99, P`0.001; with hips¯exed: r 0.99, P`0.001). Figure 1 Relationships between visceral adipose tissue (AT) and sagittal abdominal diameter (SAD) by anthropometry, assessed with hips extended and¯exed in men and women. Analysis of slopes and intercepts did not reveal any signi®cant differences between women and men. As a consequence only one regression line was drawn. Lean to moderately overweight subjects: women with BMI`28 (n 13) and men with BMI`30 (n 10). Obese subjects: women with BMI b 28 (n 15) and men with BMI b 30 (n 13). WHR waist to hip ratio; SAD sagittal diameter; CT computed tomography; SAD-E sagittal diameter hips extended; SAD-F sagittal diameter hips¯exed. * P`0.05; ** P`0.01; *** P`0.001. Figure 2 Relationship between sagittal abdominal diameter (SAD) measured by two observers of 18 subjects.
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Paired t test for the differences in SAD between the two operators are reported in Table 5 . The two operators obtained almost identical values of SAD assessed in both the positions.
Intra-and inter-observer precision was very high (intra-observer CV 0.58%, ICC 99.9% with hips extended; intra-observer CV 0.57%, ICC 99.9% with hips¯exed; inter-observer CV 1.5%, ICC 99.6% with hips extended; inter-observer CV 0.9%, ICC 99.8% with hips¯exed) (data not shown in table).
Discussion
Our data show a strong relationship between SAD anthropometrically assessed and visceral AT area as evaluated by CT, even after adjusting for BMI. Our study also shows very high precision of the SAD anthropometrically assessed.
SAD has been previously suggested as a good index for estimating visceral AT, 3±12 but most papers evaluated the relationships between SAD and visceral AT area both derived by CT.
4±6,9±12 It is well known that the gold standard to evaluate regional body fat distribution, would be multi-slice CT for determination of the volume of visceral AT, rather than single-slice CT for determination of the area of visceral AT. 3 However, a very high correlation has been found between the visceral AT area, taken by a single slice of CT at L4-L5 level (as in our study) and the volume of AT. 3 It has been found that correlation coef®cients between visceral AT area and SAD, derived by the same CT, ranged from 0.46 ± 0.96, with poorer association in obese people. 3, 10 In agreement with these studies 3, 10 we found that SAD, both by anthropometry and by CT, is a better predictor of visceral AT in lean to moderately overweight subjects than in the obese.
The different degree of association between SAD and visceral AT in lean to moderately overweight subjects and in obese subjects, may result from the inability of SAD by itself to distinguish between abdominal visceral and subcutaneous AT. Our results showing quite similar correlation between SAD and visceral and subcutaneous AT areas are in line with previous studies. 7, 9, 10 These ®ndings do not support the hypothesis that visceral fat, not subcutaneous fat, increases the depth of the abdomen. 5 Among our subjects, however, once we adjusted for BMI, the association of visceral AT with SAD remained signi®cant, but in men, the association with subcutaneous AT did not. This observation seems to support the usefulness of SAD as an index of visceral adipose tissue distribution and is in line with our previous ®ndings obtained after correcting SAD derived by CT, by subtracting the ultrasound subcutaneous thickness. 17 Our study showing very signi®cant association between SAD by CT and SAD by anthropometry, con®rms previous studies 7, 9 and shows the possibility of using SAD by anthropometry instead of that by CT as an index of visceral AT.
Some clinical studies have already supported the usefulness of SAD, both by anthropometry and by CT, as a good marker of visceral adipose tissue distribution.
18±22
SAD by anthropometry has been shown to be related to cardiovascular risk factors. 18 Recently, Kahn et al 19 reported that SAD by anthropometry was better than waist circumference for discriminating men with ischaemic heart disease from control subjects. This ®nding complements the observation that men with coronary artery disease have greater abdominal visceral AT than controls, but not greater abdominal subcutaneous AT. 23 A negative relationship has also been shown between SAD anthropometrically assessed and physical activity, 21 and the seven-year changes in visceral AT are better predicted by changes in SAD by CT, than by changes in WHR in women. 22 Recently, Pouliot et al 11 observed that in 81 men and 70 women with age ranging from 23±50 y, both waist and SAD by CT were strongly related to abdominal visceral AT and that waist circumference values above 100 cm and SAD by CT above 25 cm are associated with potentially atherogenic metabolic abnormalities. The degree of correlation between waist circumference and SAD with visceral AT area in our study, seems to be quite similar both before and after adjusting for BMI. Previous studies, but not all, showed that SAD was superior to waist, in predicting the visceral AT. 5, 7, 9 This discrepancy may have resulted from methodological differences, with the studies showing that waist circumference was superior to SAD in predicting visceral AT, using a single-scan CT rather than volume determinations from multiple scans. 18 It is possible that our results may have underestimated the utility of the SAD, because we evaluated visceral AT with a single-CT scan, rather than a multi-scan estimate of visceral AT volume.
Our choice to measure SAD as the largest supine antero-posterior diameter, may have also underestimated the utility of SAD as predictor of visceral AT; in fact others 18, 19 have suggested the measurement of SAD at the iliac crest as the best predictor of visceral AT; eventually, further studies will be needed to compare the relationships between visceral AT and Sagittal diameter and visceral fat M Zamboni et al SAD anthropometrically assessed at the iliac crest and at the largest supine antero-posterior diameter. Our experience with measurements obtained by different observers, supports a previous report that SAD measurements can be obtained with a high degree of precision. 24 Our study population covered a wider range of age and BMI than previous reports, 3, 24 although we have no data with which to compare the precision of measuring supine waist circumference or standing SAD by anthropometry.
Conclusion
Our data show that SAD obtained by anthropometry in supine subjects is a good index of visceral adipose tissue distribution. Epidemiological and clinical studies may take advantage of this easy, cheap and highly precise method to evaluate visceral adipose tissue distribution.
